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Abstract It is believed that disc degeneration (DD)
is, in general, only mildly associated with low back pain
(LBP). MRI-identified Modic changes (MC), probably
a late stage of DD, are relatively strongly associated
with LBP but it is not known if people with MC also
have a specific clinical profile. The purpose of this
study was to investigate if the clinical findings differ in
people with Modic changes (MC) as compared to those
with only degenerative disc findings or none at all. In a
population-based sample of 412 40-year-old Danes,
information was collected independently with MRI,
questionnaires and clinical examination. Three sub-
groups of people were created: those with both DD
and MC, those with only DD, and those with neither
DD nor MC. The clinical pattern was investigated for
each subgroup in order to test the assumption that the
clinical picture differs in the three groups. It was ex-
pected that people with both DD and MC would have
a more pronounced clinical profile than those with only
DD who, in turn, would differ from those with neither
of these two MRI findings. Our findings were generally
in concordance with our expectations. MC constitutes
the crucial element in the degenerative process around
the disc in relation to LBP, history, and clinical find-
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ings. People with DD and no MC only vaguely differ
from those without. People with LBP and MC may
deserve to be diagnosed as having specific LBP.
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Background

A new imaging diagnosis appears to have been iden-
tified. In 1988, Modic et al. described and validated an
MRI-detected vertebral anomaly that can be defined as
signal changes in the vertebral bone extending from
the vertebral endplate, the so-called Modic changes
(MC). MC is strongly linked with disc degeneration
(DD) [16]. According to Modic, the first stage of these
changes (type 1) reflects hyper-vascularity of the ver-
tebral body and endplates as a result of inflammation.
Type 2 consists of fatty replacements of the red bone
marrow, as documented by material harvested during
lumbar surgery [23].

MC is associated with low back pain (LBP) in the
general population [31] and observation from our out-
patients’ clinic is that a large proportion of patients
with persistent LBP have MC and in an in-house
clinical study, patients with sciatica who were treated
conservatively were three times as likely to report LBP
if they had developed MC at 14 months follow-up as
those who had not [1].

It therefore appears that MC is a clinical entity,
possibly a late step in a degenerative process [16],
which deserves further study. For example, it would be
interesting to find out if MC results in a specific clinical
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picture which makes it easily recognizable or if there
are circumstances in the clinical history that can point
to its aetiology. No studies appear to have been pub-
lished, in which relations between MC and the clinical
picture were specifically investigated.

Such possible relations were studied using a unique
database consisting of 412 40-year olds from the gen-
eral Danish population, on whom there were extensive
data on lumbar MRI findings, history, and clinical
examination tests [14].

The overall aim of this study was to investigate if
people with MC have a different clinical profile from
those with DD only.

Methods
Methodological considerations

Our assumption was that MC, if it were a clinical entity
on its own, would be discernable when it is contrasted
against those without MC. However, if MC is a late
event in a degenerative process, this picture might be
diluted if other degenerative findings are present in the
non-MC group, because these might have a similar
clinical history and perhaps similar clinical findings. To
study this issue we looked at the pattern of associations
between the clinical picture and MRI findings of MC
and/or DD in three subgroups, of descending “‘sever-
ity”, as described:

e The first group consisted of all people with both
DD and MC (group 1).

e The second group consisted of all people with DD
but no MC (group 2).

e The third group consisted of all those with neither
DD nor MC (group 3).

A fourth group of people with only MC was con-
sidered but as this group consisted of only 19 persons
we did not include these (see Fig. 1 for prevalence in
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Fig. 1 Cross-tabulation of disc degeneration and Modic changes.
The figures in circles denote the three groups used in the study

each group). We assumed that the prevalence of po-
sitive findings among the variables obtained from
clinical history and clinical examination would differ in
the three groups. We expected that it would be stron-
gest in group 1 and become gradually weaker in groups
2 and 3. However, we did not have any precise
expectations as to which type of variables would best fit
this pattern.

Variables of interest and the rationale
for their choice

The following variables, related to clinical history and
clinical examination, were investigated for the follow-
ing reasons:

Clinical history

1. Total number of days with LBP in the past year.
MC is likely to be a persistent condition and we
would expect it to be linked with more persistent
LBP.

2. The prevalence of LBP in the past week, month,
and year. MC is expected to produce symptoms
resulting in a relatively high prevalence of LBP but
not necessarily in the week or month of the survey.

3. Health-care contacts because of LBP in the past
year. MC is likely to be sufficiently painful and
persistent to result in contacts with the health-care
sector.

4. Non-trivial LBP. This variable was created to
consist of people with LBP for altogether at least
30 days in the past year and evidence of some sort
of consequence, because MC is likely to be rela-
tively severe.

5. Frequency of previous periods of LBP problems.
MC is probably the late stage of a slow degenera-
tive process [16, 23]. Therefore more than one
period of LBP is likely to have occurred.

6. Functioning as measured with SF-36. LBP caused
by MC is likely to be severe enough to have
functional repercussions.

7. A history of sick leave or reduced activities at work
or during leisure time. LBP caused by MC is likely
to be severe enough to have repercussions on
various physical activities.

8. Type of work. Vertebral deterioration or delayed
recovery may occur more easily in people with
physically demanding jobs [20].

9. Vibrations at work. Vibrations may cause micro-
trauma to the bony structure of the vertebral body
and in this way facilitate the development of MC

[8].
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10. Physical activity in leisure time. See rationale for
item 8.

11.  Changes in level of physical activity. People with
MC are likely to have reduced their level of
physical activity because of LBP.

12.  Smoking may reduce the strength of the vertebral
bone, thus accelerating the development of MC
or delaying the healing process [9, 12].

13. Body mass index. Excessive body weight may
accelerate the development of MC or delay its
recovery [19].

Clinical examination

14. Hypolordosis (“military spine’’) may result in a
suboptimal “‘suspension” effect [13] because
excessive body weight is transmitted through the
anterior part of the vertebral segment, which may
precipitate disc and/or vertebral injuries or make
the pain more obvious when the MC is already
present.

15. Pain on lumbar movement. If MC consists of
micro-fractures in the lumbar vertebrae with an
ensuing inflammatory response, this would make
lumbar movements painful, either directly in the
lumbar vertebrae or indirectly from muscular
defence reactions in the lumbar area [11].

16. Lumbar pain provocation test. MC is likely to be
obviously painful when challenged directly and
manually [21].

17. Lumbar pain tolerance. See rationale for item 16.

18. Neuromuscular control. Poor neuromuscular
control may result in aberrant transitory move-
ments [26], which may contribute to the devel-
opment of MC, but LBP because of MC may also
result in poor neuromuscular control.

19. Activation of lumbar multifidus muscles. These
muscles are believed to play a major role in
maintaining the muscular control of the lumbar
vertebral segments [4, 24]. Pain is believed to al-
ter muscular function resulting in lack of control
[10].

An overview of all variables from history and clini-
cal examination is shown in Tables 1 and 2.

Study participants and procedures

In the study, 412 adults aged 40 years (199 men and
213 women) were included. On the day of study they
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filled in questionnaires, had an MRI of the lumbar
spine, and were submitted to a physical examination.
The study has been described in detail previously [14,
31] and its relevant aspects are described below. For a
description of the strengths and weaknesses of the
study refer to PhD thesis [14].

Data collection and research variables

MRI MRI was performed with an open low field
0.2 T MR unit (Magnetom Open Viva, Siemens AG,
Erlangen, Germany). For this study, T1- and T2-
weighted sagittal and axial T1-weighted sequences
were used [31]. All images were described by an
experienced radiologist according to a set protocol.
DD was defined if there was reduced disc height
[7, 33] (grade 2 or 3) or disc signal [27, 33] grade 3.
MC was defined as either areas of high signal
extending from the vertebral endplates on T2 and
low signal on T1-weighted images (type 1), areas of
high signal on both T1 and T2-weighted images (type
2), and areas of low signal on both T1 and T2-
weighted images were classified as type 3 [23]. The
quality of the images was excellent (examples given
in Fig. 2). The reliability for this rating has been
shown to be satisfactory in an intra- and inter-
observer reproducibility study (for disc parameters
K,, 0.56-0.87 [31], for MC percentage of agreement
98% and K, 0.6) [14]. An overview of the MRI
variables is shown in Table 3.

Clinical history Questions used to obtain the clinical
history were selected from previously used question-
naires in Denmark. For references, please see Table 1.

Physical examination All participants underwent a
thorough physical examination. For this report we
used information on lumbar curvature, pain on active
movement, a graded lumbar pain provocation test
[21], lumbar pain threshold [5, 6], neuromuscular
control [15, 32] as judged by the therapist, and a test
of the ability to activate the lumbar multifidus mus-
cles [29]. An overview of the variables is given in
Table 2.

The majority (78%) of the physical examinations
on the study subjects was performed by the principal
author and the remaining by two physiotherapists
(6 and 16%, respectively), who were trained in the
procedures and closely supervised by the principal
author.
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Table 1 Variables obtained from the questionnaire (clinical history)

Variable name (coded) Further description

Prevalence n (%)

Low back pain
Duration last year [17]
1-7 days LPB

8-30 days LBP

> 30 days LBP

LBP week (y/n)

Totally 1-7 days of LBP
Totally 8-30 days of LBP

LBP month (y/n)
LBP year (y/n)

Seeking care (y/n)

More than one previous
episode of LBP (y/n)
Non-trivial LBP (y/n)

Totally more than 30 days with LBP

or self-reported disc herniation [14]

Self-reported disc herniation (y/n)

Work and life style

Heavy physical workload (y/n)
for more than 10 years [17]

Vibrations (y/n)

Body mass index

High-level leisure time
activity (y/n)

Heavy smokers (y/n)

Functioning

Downtime work (y/n)

Downtime leisure time (y/n)

Sick leave (y/n)

Reduced sports activity (y/n)

Physical function (SF36) (0-100) SF-36 questionnaire [2]

More than 20 cigarettes a day [28]

Have reduced sports activities

91 (22)
96 (23)
102 (25)
“Have you had trouble with the lowest part of 131 (32)
your back... (picture provided) during the past 7 days?” [18]
“Yes” to the above question or “... during the past month?”’ [18] 175 (42)
“Yes” to any of the above questions or ‘“‘Have you had trouble 284 (69)
with the lowest part of your back... during the past 12 months?”’ [18]
“Yes” to any of the questions: “Have you sought care during the 114 (28)
past year due to trouble with the lowest part of your back?
(Please select the items that best applies to you): (a) general practitioner,
(b) emergency service, (c) specialist, (d) out-patient clinic, (e) hospitalised,
(f) chiropractor, (g) physical therapist, (h) other treatment” [17]
271 (66)
LBP for more than 30 days during the last year with at least one 124 (30)
consequence (seeking care or reduced time at work/leisure time),
or previous episodes with a mean duration of more than 6 weeks
20 (5)
Heavy physical work, heavy lifting either now or previously 105 (25)
Exposed to vibrations for more than 2 h/week now or previously [17] 66 (16)
Based on self-reported height and weight (kg weight/m height?) Mean (SD):
25.1 (4.3)
Active in sports/hard physical load in leisure time activity at 149 (36)
least 3 h/week or participating in competitive sports [17]
71 (17)
Reduced physical activity at work due to low back problems [17] 64 (16)
Reduced physical activities in leisure time due to low back problems [17] 71 (17)
Any days off work within the past year due to low back problems [17] 82 (20)
54 (14)
Mean [95% CI]:
90 [89; 92]

Statistical methods The prevalence rates for dichoto-
mous variables and the mean values for continuous
variables were listed in each of the three MRI groups.
The hypothesis that the difference between groups 1
and 2 was larger than the difference between groups 2
and 3 was tested using a Walds test after a logistic
regression.

Because our study was based on pre-existing data,
our choice of variables was limited and opportunistic.
It was therefore not considered suitable to bring this
analysis any further, for example in order to identify
best models or specify diagnostic values. Accordingly,
we did not perform any additional multivariate
analyses.

Stata 8 (Stata Corporation, 2003, Stata Statistical
Software: Release 8.2, College Station, TX, USA) was

used for the statistical analyses, which were performed
by PK and LK.

Results
Descriptive data

The proportion of persons with the two MRI-defined
diagnoses (MC yes/no and DD yes/no) is shown in
Fig. 1 and Table 3 and the prevalence of the clinical
findings is shown in Tables 1 and 2.

Group 1 (MC and DD) consisted of 73 persons,
group 2 (DD and not MC) of 141 persons, and group
3 (neither DD and nor MC) was made up of 179
persons.

@ Springer
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Table 2 Variables obtained from the clinical tests

Variable name Defined from

Prevalence n (%)

Flat back (y/n)
Pain on movement (y/n)

Lumbar pain provocation test (y/n)
Lumbar pain provocation test (y/n)

Inability to control lumbar movement (y/n)

Inspection of lumbar curvature 90 (22)

Person reporting pain on at least one lumbar 86 (21)
movement of lateral flexion, flexion, and extension

Report of pain on one or more levels when pressure 144 (35)
was applied over transverse processes of the lumbar vertebrae

Levels where pain was reported when pressure was applied 715 (29)*
over transverse processes of the lumbar vertebrae

Patients were categorised as being able to control lumbar 85 (21)
movement or not based on the therapist’s interpretation
of the performance of six exercises [32]

Inability to voluntarily activate lumbar multifidus muscles 210 (51)

Activation of multifidus muscles (can/cannot)

(LMM) based on palpation of contraction after
therapist’s instruction [29]

Lumbar pain tolerance (0.0-16.0 kg/cm?)

The tolerated pressure in kg/cm? applied to the
spinous process of L4 [6]

Mean [95% CI]:
10.2 [9.8; 10; 6]

?For all lumbar levels

Fig. 2 Examples of images from this study population. Modic
type 1: high signal on T2-weighted images (a) and low signal on
T1-weighted images (b). Modic type 2: high signal on T2 (¢) and
high signal on T1 (d)

@ Springer

Different prevalence estimates in the three MRI
groups

Our findings were in concordance with our assumption
that there would be a difference between the three
MRI groups (Table 4). Thus, out of the 23 variables
tested, group 1, as compared to the other two groups,
had the highest prevalence estimate for all but one of
the variables. Furthermore, there was a pattern of
declining frequency counts from group 1 through group
2 to group 3 for all but 5 of the 23 variables tested. This
decline was statistically significant in 15 cases.

Specific clinical profile for people with both DD
and MC

The back pain reporting pattern was more marked for
people in group 1 than in the other two groups.
Regardless of whether the recall period was for the
past week, month or year, group 1 would have the
highest estimate and almost all of them reported hav-
ing had LBP some time in the past year. They were
also more likely to recall having had more than one
episode in the past, to have sought care for LBP, to
report to have been diagnosed with a discal hernia, and
non-trivial LBP was by far most common in this group.

Group 1 was also characterized by having more
people who had reduced their activities at both work
and home. Heavy physical work was most commonly
reported in this group but there was no association
with vibrations at work or high-level physical activities
at leisure time.
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Table 3 Variables obtained for MRI and the definitions of ““disc degeneration” and ‘““Modic changes”

Our MRI definition

Cut points for your definitions

Prevalence of MRI findings

(%)

Persons Levels
Disc degeneration Disc signal grade 3 or disc height grade 2 or 3? 519 22.0
Modic changes [23] Any type of Modic changes [22] 224 4.7

?According to the classifications adopted from previous studies [7, 27, 30, 33]. The reliability of these ratings has previously been

reported [31]

Heavy smokers were almost twice as common in
group 1 as in both groups 2 and 3. The mean of BMI
was almost equal in the three groups.

Out of the six clinical examination variables, three
followed the expected pattern. Thus it was about twice
as common for people in group 1 to report pain on
lumbar movement as those in group 2. There was a
small but significant difference in the amount of pain
tolerated by people in group 1. It was also slightly more
common for people in group 1 to be able to activate
their multifidus muscle on command.

Discussion

Our study approach is not common and should not be
confused with a typical predictor study. The aim of our
study was not to specifically identify the clinical profile
of people with MC but mainly to investigate if MC is a
separate entity, one that deserves to be treated as a
potential diagnostic subgroup with specific clinical
consequences. In a population-based sample of 412
40-year-old Danes, we found that MC, indeed, has a
specific clinical profile.

Table 4 Overview of the
prevalence of the investigated
variables in the three
different MRI groups

Variable

MC and DD,
group 1 (%)

DD only,
group 2 (%)

MC + DD versus
DD only > DD only
versus clean, P value

Clean,
group 3 (%)

Low back pain

LBP week 47.9
LBP month 58.9
LBP year 91.8
Seeking care 42.5
Non-trivial LBP 53.4
History
Prev. episodes LBP 86.3
Prev. disc hern. 11.0
Work and. life style
Heavy phys. work 479
Vibrations 20.5
Body mass index?® 25.14
High lv. leisure 42.5
Heavy smokers 26.0
Functioning
Downtime work 27.4
Downtime leisure 274
Sick leave 329
Red. sports act. 14.1
Physical func.? 12.26
Clinical tests
Flat back 23.6
Pain on movement 39.7
kg weight/m height? Lumbar PPT 452
Therapist rated 243

PPhysical function (SF36)

reduction in score Activation of LMM 39.7

“Mean pressure kgfem? Lumbar pain tol. 11.34

34.0 22.9 0.0013
43.3 35.8 0.0029
70.9 57.5 0.0000
28.4 21.8 0.0032
30.5 20.7 0.0000
70.9 54.2 0.0003

5.7 22 0.0142
29.8 251 0.0008
17.1 13.7 0.2819
25.26 24.83 0.8542
319 38.0 0.2273
15.6 15.1 0.0320
14.2 11.2 0.0021
16.3 13.4 0.0115
213 15.1 0.0054
12.4 14.3 0.8651

9.26 8.41 0.1244
20.6 22.3 0.6886
19.9 14.5 0.0000
37.6 29.2 0.0567
19.7 21.8 0.5169
511 56.7 0.0303
10.27 9.80 0.0124
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We performed a simple analysis to test the
assumption that people with DD and MC have a dif-
ferent clinical picture from those with only DD and, in
particular, from those who have neither DD nor MC.
Our results confirmed this theory. In other words, DD
in combination with MC has a specific clinical profile
but DD on its own more resembles the group with
neither DD nor MC.

The results of our study indicate that MC deserves
further study.

In addition, we believe that our results may provide
“the missing link” in the long-lasting debate on the
clinical importance of DD. Is DD irrelevant because it
is commonly present in asymptomatic people also [3]
or is it clinically important because it is consistently
more frequent in people [25] with LBP? Our contri-
bution to this issue is the discovery that DD on its own,
at least in 40-year-old Danes, was not characterized by
a specific pain profile and was unremarkable in relation
to the clinical picture. We therefore surmise that DD,
per se, is a fairly quiet disorder but it constitutes a true
clinical entity when MC is present. Thus in studies of
LBP, in which comparisons are made of people with
and without DD, the outcome would depend on the
proportion of people with MC. If this proportion is
high, there would be a stronger association with LBP
than if it is low.

Unfortunately, in our study the number of people
with MC on its own, without DD, was too small
(n=19) to make analyses on this group feasible.
However, looking at the prevalence in this group (not
shown), they clearly seemed to assemble groups 2 and
3 more than group one. Therefore, our conclusions are
only pertinent to MC in combination with DD.

All studies have weak points, and ours is that we
performed a large number of tests on a study sample
that has already been explored from other angles. The
potential consequence of this could be that a number
of chance findings may appear. However, because we
choose not to interpret our findings in detail but in
relation to an overall pattern, the occasional chance
finding is of limited consequence. Another potential
point of critique could be the choice of variables in-
cluded in this study. It is our belief that the pattern that
we have found is likely to appear with a large number
of other co-variates of LBP as well. The literature is
full of items that have been found to be marginally
associated with LBP. It is likely that some of these
have the same properties as the ones we tested in the
present study.

The important strengths of our study (apart from its
size, the fact that our study sample is fairly represen-
tative of the general Danish population, and the
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validity of the MRI variables) are that we dealt with a
population-generated study sample and that the study
participants were all of the same age. In addition, the
MRI was executed under highly controlled circum-
stances using a protocol exclusively designed for re-
search purposes resulting in high-quality images.

In conclusion, the results of this explorative study
indicate that MC in combination with DD is an entity
on its own which is different from DD without MC,
and that it deserves further study. In particular, it
would be relevant to investigate the factors that initiate
or accelerate the development of MC.
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